( 1 1 publication number : 2004-0871 37 

(43)Date of publication of application : 18.03.2004 



(51)lnt.CI. 



H01M 8/02 
C08F 14/18 
C08J 5/22 
H01M 8/10 
// C08L 27:12 



(21 Application number : 2002- (71 )Applicant : AISIN SEIKI CO LTD 

242324 

(22)Date of filing : 22.08.2002 (72)lnventor : KAMIYAMA KOJI 



(54) SOLID POLYMER ELECTROLYTE FILM FOR FUEL CELL 

(57)Abstract: 



PROBLEM TO BE SOLVED: To provide a 
solid polymer electrolyte film with 
excellent durability at low cost. 
SOLUTION: This solid polymer electrolyte 
film has the main chain composed of 



O— f CFfeVsOsH florocarbon group vinyl monomer and 
\ /p hydrocarbon group vinyl monomer, and 

side chains having a primary molecular 

( p it i -4 w-rtifaa>mik) structure expressed. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

A main chain formed with a copolymer of a carbonization fluorine system 
vinyl monomer and a hydrocarbon system vinyl monomer, 
[Chemical formula 1 ] 



Solid polyelectrolyte membrane, wherein a side chain which has the 1st 

molecular structure expressed with ******** is formed. 

[Claim 2] 

Said side chain. 

[Chemical formula 2] 



CH 2 ~CH- 




(p a i ~- 4 (D\,^i?frhfi>(DMWt) 



CH 2 -CIf 



OH 



The solid polyelectrolyte membrane according to claim 1 having the 2nd 
molecular structure expressed with ********. 
[Claim 3] 



The solid polyelectrolyte membrane according to claim 2, wherein a weight 
ratio of said side chain to said main chain is larger than 0.5 and a mole 
ratio of said 1st molecular structure to the sum total of said 1st molecular 
structure and said 2nd molecular structure is larger than 0.2. 



A copolymer of said carbonization fluorine system vinyl monomer and a 
hydrocarbon system vinyl monomer. 
[Chemical formula 3] 



(R 1 : 7 ^ fel^tt 1 - 3 P T/W 

3£ N m N n : 1£E<DWLW0 



The solid polyelectrolyte membrane according to claim 1 which comes out 
and is characterized by a certain thing. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to solid polyelectrolyte membrane. 
[0002] 

[Description of the Prior Art] 

The perfluorocarbon polymer films (trade name: Nation, ASHIPU REXX, 
etc.) which generally have a sulfonic group as polymer electrolyte 
membrane for fuel cells are used, and good power generation performance 
and endurance are checked. However, for utilization, reduction and the 



[Claim 4] 




electrolyte membrane which made hydrogen ion conductivity high further of 
cost are expected. There is a hydrocarbon system electrolyte membrane to 
correspond to this. 
[0003] 

The solid polymer electrolyte of the hydrocarbon system which reformed 
the ethylene-vinylacetate copolymer to JP,H6-206938,A, and introduced 
the sulfonic group into it as conventional technology is indicated. 
[0004] 

[Problem to be solved by the invention] 

However, in conventional technology, an ethylene-vinylacetate copolymer 
is reformed and the film is produced with an introductory post heating 
press in the sulfonic group. For this reason, it is soft depending on an 
ethylene-vinylacetate copolymer, and since film strength does not have 
addition of a cross linking agent, the dimensional change at the time of 
membranous water is also remarkable [ film strength ]. In order to produce 
a film with heat pressing, degradation of polymer is caused, and it 
becomes a cause of a fall of a film property. Therefore, as for the made 
film, the rate of a dimensional change turns into large desiccation in a fuel 
cell, and solid polyelectrolyte membrane with insufficient film durability in 
humid conditions. 
[0005] 

This invention provides the solid polyelectrolyte membrane which is what 
solved the aforementioned problem, and is low cost, and was excellent in 
endurance. 
[0006] 

[Means for solving problem] 

The main chain in which the technical means (the 1st technical means are 
called hereafter.) provided in Claim 1 of this invention were formed with the 
copolymer of a carbonization fluorine system vinyl monomer and a 
hydrocarbon system vinyl monomer in order to solve above-mentioned 
technical problem, 
[Chemical formula 1 ] 



CH 2 ~CH- 



O— ^CH 2 H-S0 3 H 
P 



It is solid polyelectrolyte membrane, wherein the side chain which has the 

1st molecular structure expressed with ******** j S formed. 

[0007] 

The effect by the 1st technical means of the above is as follows. 
[0008] 

That is, with pliability with a moderate copolymer of the carbonization 
fluorine system vinyl monomer and hydrocarbon system vinyl monomer 
which were used as a main chain, since there are few dimensional 
changes, desiccation and solid polyelectrolyte membrane excellent in the 
endurance in humid conditions are made. Since both the fluorinated part 
and the part which is not fluorinated exist, the copolymer of a 
carbonization fluorine system vinyl monomer and a hydrocarbon system 
vinyl monomer, When a main chain cutting-die radical and an 
intermolecular cross linkage type radical generate simultaneously, 
membranous intensity can be maintained making a radical generate 
moderately, and solid polyelectrolyte membrane excellent in endurance is 
made. Since the copolymer of a carbonization fluorine system vinyl 
monomer and a hydrocarbon system vinyl monomer was furthermore used 
as a main chain, -izing can be carried out [ low cost ] as compared with a 
perfluorocarbon polymer film. 
[0009] 

In order to solve above-mentioned technical problem, said side chain the 
technical means (the 2nd technical means are called hereafter.) provided 
in Claim 2 of this invention, 



[Chemical formula 2] 



ch 2 -ch 

OH 



It is the solid polyelectrolyte membrane according to claim 1 having the 

2nd molecular structure expressed with ********. 

[0010] 

The effect by the 2nd technical means of the above is as follows. 

[0011] 

namely 

[Chemical formula 2] 



ch 2 -ch 

OH 



Since it is the structure of having ********, water can be held by a 
hydrogen bond and the effect used as the solid polyelectrolyte membrane 
excellent in water retention is done so. moreover 
[Chemical formula 2] 



ch 2 -ch 



OH 



** 

[Chemical formula 1 ] 



CH 2 -CH- 



O— f- CH2+SO3H 
P 



(p f* 1 — 4cDV^Tti^^S^:) 



Since it is the structure boiled and changed, the effect of becoming easy 
to manufacture the 1st molecular structure is done so by having the 2nd 
molecular structure. 
[0012] 

In order to solve above-mentioned technical problem, the technical means 
(the 3rd technical means are called hereafter.) provided in Claim 3 of this 
invention, It is the solid polyelectrolyte membrane according to claim 2, 
wherein the weight ratio of said side chain to said main chain is larger than 
0.5 and the mole ratio of said 1st molecular structure to the sum total of 
said 1st molecular structure and said 2nd molecular structure is larger than 
0.2. 
[0013] 

The effect by the 3rd technical means of the above is as follows. 



[0014] 

Namely, solid polyelectrolyte membrane which was excellent in ion 
conductivity since the weight ratio to the main chain of the side chain 
which has hydrogen ion conductivity was larger than 0.5 is made, And 
since the 1st molecular structure mole ratio to the sum total of the 1st 
molecular structure and the 2nd molecular structure is larger than 0.2 and 
solid polyelectrolyte membrane excellent in endurance is made, solid 
polyelectrolyte membrane which was excellent in ion conductivity and was 
excellent in endurance is made. 
[0015] 

In order to solve above-mentioned technical problem, the copolymer of 
said carbonization fluorine system vinyl monomer and a hydrocarbon 
system vinyl monomer the technical means (the 4th technical means are 
called hereafter.) provided in Claim 4 of this invention, 
[Chemical formula 3] 




(R 1 : 7 fcfi^l: 1 - 3 W7/^n 7/1/ 

^r/H, R2 : ^Jg-f Sfcf^f 1 - 3 ©7;V^I/ 
3£ N m N n : jEOS^) 



It is the solid polyelectrolyte membrane according to claim 1 which comes 

out and is characterized by a certain thing. 

[0016] 

An effect by the 4th technical means of the above is as follows. 
[0017] 

That is, with a carbonization fluorine system vinyl polymerization object, if 
a radiation graft is performed, generation of a main chain cutting-die 
radical will be remarkable, and graft polymerization will be impossible, but 



an effect whose radiation graft polymerization becomes possible is done 
so by using a copolymer with a hydrocarbon system vinyl monomer. 
[0018] 

[Mode for carrying out the invention] 

Hereafter, this invention is explained in detail. In order to explain simply, it 
explains using an ethylene tetrafluoroethylene copolymer as a copolymer of 
a carbonization fluorine system vinyl monomer and a hydrocarbon system 
vinyl monomer. An ethylene tetrafluoroethylene copolymer is expressed 
with a chemical formula (1). 
[0019] 

[Chemical formula 4] 
(1) 




When this ethylene tetrafluoroethylene copolymer was irradiated with 
radiation under a vacuum or an inert gas atmosphere, a radical generated 
to a part of ethylene, and it was expressed with a chemical formula (2). 
[0020] 

[Chemical formula 5] 



(2) 



CF 2 -CF 2 ^-+CH-CH 2 ^ 



The following explanation expresses said chemical formula (2) with a 

chemical formula (3). 

[0021] 

[Chemical formula 6] 
(3) 



A film which polymerizes vinyl acetate in a chemical formula (3), carries out 
a graft to it, and is expressed with a chemical formula (4) was obtained. 
[0022] 

[Chemical formula 7] 



it^ (4) 



CH 2 — CII f-CH 2 — CH ^ 



OCOCH3\^ OCOCH 3 y 



If hydrolysis treatment is carried out to this film, it will become a film 

shown in a chemical formula (5). 

[0023] 

[Chemical formula 8] 



(5) 



CH 2 — CH- 
I 

OH 



CH 2 — CH 



OH 




By carrying out alkyl sulfonation treatment to the last, solid polyelectrolyte 

membrane shown in a chemical formula (6) was obtained. 

[0024] 

[Chemical formula 9] 



(6) 



CH 2 CH- 



OH 



ql 



CH 2 ~ Ctt- 
I 

O 



'q2 



CH 2 



SO3H 



(ql, 2\$.!E<D\ 



Since this film has a main chain of the copolymer of a carbonization 
fluorine system vinyl monomer and a hydrocarbon system vinyl monomer, 
with moderate pliability, there are few dimensional changes and it can do 
desiccation and solid polyelectrolyte membrane excellent in the endurance 
in humid conditions. Since both the fluorinated part and the part which is 
not fluorinated exist, the copolymer of a carbonization fluorine system vinyl 
monomer and a hydrocarbon system vinyl monomer, When a main chain 
cutting-die radical and an intermolecular cross linkage type radical 
generate simultaneously, membranous intensity can be maintained making 
a radical generate moderately, and solid polyelectrolyte membrane 
excellent in endurance is made. Since the copolymer of a carbonization 
fluorine system vinyl monomer and a hydrocarbon system vinyl monomer 
was furthermore used as a main chain, -izing can be carried out [ low 
cost ] as compared with a perfluorocarbon polymer film. 
[0025] 

In the solid polyelectrolyte membrane shown in the chemical formula (7) 



which formed in the main chain of the copolymer of a carbonization 
fluorine system vinyl monomer and a hydrocarbon system vinyl monomer 
the graft styrene side chain which has a benzene group, and was 
produced. The hydrogen combined with the carbon combined with the 
benzene group was extracted by the active oxygen generated at the time 
of the electrode reaction of a fuel cell, this carbon became radical, the 
autoxidation of the electrolyte membrane arose and there was a 
deteriorating problem. On the other hand, in the solid polyelectrolyte 
membrane of this invention, since a benzene group does not exist, 
autoxidation is not produced. Therefore, the solid polyelectrolyte 
membrane of this invention is excellent in endurance also from this point. 
[0026] 

Hereafter, the embodiment of this invention is described. In the following 
embodiments, the film of the ethylene tetrafluoroethylene copolymer which 
is a copolymer of a carbonization fluorine system vinyl monomer and a 
hydrocarbon system vinyl monomer is used as a raw material of solid 
polyelectrolyte membrane. The thickness of this film is 50 micrometers. 
This ethylene tetrafluoroethylene copolymer serves as a main chain formed 
with the copolymer of the carbonization fluorine system vinyl monomer of 
solid polyelectrolyte membrane and hydrocarbon system vinyl monomer 
which were manufactured. 
[0027] 
(EXAMPLE) 

After acetone washed the film of the ethylene tetrafluoroethylene 
copolymer, it irradiated with the gamma ray of 20KGy, using 60Co as a 
radiation source. After putting obtained film 10cm 2 into a glass coil, 70 g 
of vinyl acetate monomers were added to the coil, and nitrogen fully 
replaced the inside of a coil (graft processing). 
[0028] 

Then, this coil was immersed in a 70 ** thermostat for 8 hours. After 
methanol washed the film after a reaction 3 times, it was made to dry using 
a dryer, after making the solution of two copies (a weight section and the 
following — the same) of sodium hydroxide, and 98 copies of methanol 
immerse 55 ** of ester exchange reactions of a dry film for 3 hours, 
methanol washed them (hydrolysis treatment). It was checked that ion 
exchange water furthermore washed the film, it was made to dry at 100 ** 



for 3 hours, and the acetyl group had been replaced by the hydroxyl group 
about 100% from the amount of weight changes, and IR (infrared- 
absorption analysis) data. 
[0029] 

After the sulfonic group introduction reaction of the obtained film put the 
film into the glass coil, it put in distilled dimethyl sulfoxide 3x10" 5 m 3 , and 
fully replaced the inside of a coil with nitrogen. 0.5g of sodium hydride was 
put in it, and it warmed at 60 **, and was made to react for 1 hour. It 
dissolved in dimethyl sulfoxide 10" 5 m 3 which distilled propane Salton 2g to 
reaction mixture, this was dropped over 1 hour, and it was made to react 
at 80 ** after that for 7 hours (alkyl sulfonation treatment). Took out the 
after-reaction film, this was made immersed in the solution of hydrochloric 
acid of 1N at 50 ** for 8 hours, ion exchange water fully washed, and solid 
polyelectrolyte membrane was obtained. 
[0030] 

Although propane Salton is used as a sulfonating agent here, 2- 
bromoethane sulfone sodium, a 1 ,4-butanesultone, etc. can be used. 
[0031] 

The intensity evaluation of the obtained solid polyelectrolyte membrane 
carries out the water of the solid polyelectrolyte membrane to 90 ** hot 
water enough, Start the solid polyelectrolyte membrane (95 micrometers of 
thickness) which carried out water to 30 mm x 30 mm, and it puts on the 
middle of the fixture of drawing 1 , It put and fixed with the fixture of 
another drawing 1 , this was respectively put in alternately for 1 hour under 
[ of 90 ** ] the dry heat condition and the 95% of 90 ** humidity condition, 
and the number of cycles until it fractures by membranous elasticity was 
measured. 
[0032] 

( Comparative example) 

A comparative example is the solid polyelectrolyte membrane of the 
hydrocarbon system which reformed the ethylene-vinylacetate copolymer 
of conventional technology and introduced the sulfonic group. Manufacture 
of this solid polyelectrolyte membrane was performed by the method 
shown below. 
[0033] 

25 g of ethylene-vinylacetate copolymers (about 40% of vinyl acetate 



content) are dissolved in toluene 10~ 4 m 3 , In this, methanol 5x1(T 5 m 3 and 5 
g of sodium hydroxide were put, it was made to react for 2 hours, 65 ** of 
methanol 5x10~ 4 m 3 was added after that, the ** exception carried out the 
sediment, and polymer was collected. This polymer was enough dried with 
an 85 ** vacuum dryer. It dissolved in tetrahydrofuran 5x10" 5 m 3 which 
distilled 7 g of polymer dried enough, the sodium hydride 1 .8g and distilled 
dimethyl sulfoxide 5x10~ 5 m 3 were put in this, and it warmed at 60 **, and 
was made to react for 2 hours. Reaction mixture was 80 ** dropping and 
after that over 1 hour, and propane Salton 10g dissolved in tetrahydrofuran 
2x10" 5 m 3 distilled to this reaction mixture was made to react for 8 hours. 
Reaction mixture was put into acetone of 10~ 3 m 3 , the ** exception carried 
out the sediment, and polymer was collected. Ion exchange water often 
washed the collected polymer, and after putting into 1N chloride 10~ 3 m 3 
and being immersed for 12 hours, ion exchange water washed well further. 
Dry polymer was inserted into the aluminum board of 2g picking and 1-mm 
thickness, it pressed for 2 minutes by 130 ** and 4.9MPa, and the film was 
produced. The water of this film was enough carried out to 90 ** hot water, 
and the solid polyelectrolyte membrane of 1 00-micrometer thickness was 
obtained. The intensity evaluation of the obtained solid polyelectrolyte 
membrane did the same examination as an embodiment. 
[0034] 

(Intensity evaluation result) 

As for the solid polyelectrolyte membrane of the embodiment, change was 
not seen although the solid polyelectrolyte membrane of the comparative 
example was fractured from the center of a film after 100 cycle ******. As 
for the membranous fracture, 400 cycle ****** was not seen after that. 
[0035] 

[Effect of the Invention] 

As mentioned above, the main chain with which this invention was formed 
with the copolymer of a carbonization fluorine system vinyl monomer and a 
hydrocarbon system vinyl monomer, 
[Chemical formula 1 ] 



CH 2 -CH- 



O-f CH2+SO3H 
P 



( p 1 ~ 4 CO v 



Since it is solid polyelectrolyte membrane, wherein the side chain which 
has the 1st molecular structure expressed with ******** is formed, the 
solid polyelectrolyte membrane excellent in endurance can be provided by 
low cost. 

[Brief Description of the Drawings] 
[Drawing 1 ] The perspective view of a fixture 
[Explanations of letters or numerals] 

1 — Intensity measurement fixture 

2 — Through hole part 

TECHNICAL FIELD 



[Field of the Invention] 

This invention relates to solid polyelectrolyte membrane. 
[0002] 



PRIOR ART 



[Description of the Prior Art] 

The perfluorocarbon polymer films (trade name: Nafion, ASHIPU REXX, 
etc.) which generally have a sulfonic group as polymer electrolyte 
membrane for fuel cells are used, and good power generation performance 
and endurance are checked. However, for utilization, reduction and the 



electrolyte membrane which made hydrogen ion conductivity high further of 
cost are expected. There is a hydrocarbon system electrolyte membrane to 
correspond to this. 



The solid polymer electrolyte of the hydrocarbon system which reformed 
the ethylene-vinylacetate copolymer to JP,H6-206938,A, and introduced 
the sulfonic group into it as conventional technology is indicated. 
[0004] 



EFFECT OF THE INVENTION 



[Effect of the Invention] 

As mentioned above, the main chain with which this invention was formed 
with the copolymer of a carbonization fluorine system vinyl monomer and a 
hydrocarbon system vinyl monomer, 
[Chemical formula 1 ] 



Since it is solid polyelectrolyte membrane, wherein the side chain which 
has the 1st molecular structure expressed with ******** \§ formed, the 
solid polyelectrolyte membrane excellent in endurance can be provided by 
low cost. 



[0003] 



CH 2 -CH- 




TECHNICAL PROBLEM 



[Problem to be solved by the invention] 

However, in conventional technology, an ethylene-vinylacetate copolymer 
is reformed and the film is produced with an introductory post heating 
press in the sulfonic group. For this reason, it is soft depending on an 
ethylene-vinylacetate copolymer, and since film strength does not have 
addition of a cross linking agent, the dimensional change at the time of 
membranous water is also remarkable [ film strength ]. In order to produce 
a film with heat pressing, degradation of polymer is caused, and it 
becomes a cause of a fall of a film property. Therefore, as for the made 
film, the rate of a dimensional change turns into large desiccation in a fuel 
cell, and solid polyelectrolyte membrane with insufficient film durability in 
humid conditions. 
[0005] 

This invention provides the solid polyelectrolyte membrane which is what 
solved the aforementioned problem, and is low cost, and was excellent in 
endurance. 
[0006] 



MEANS 



[Means for solving problem] 

The main chain in which the technical means (the 1st technical means are 
called hereafter.) provided in Claim 1 of this invention were formed with the 
copolymer of a carbonization fluorine system vinyl monomer and a 
hydrocarbon system vinyl monomer in order to solve above-mentioned 
technical problem, 
[Chemical formula 1 ] 



CH 2 ~CH- 



0-^CH 2 ^S0 3 H 



(p n i-4©v^ftid^it) 



It is solid polyelectrolyte membrane, wherein the side chain which has the 

1st molecular structure expressed with ******** is formed. 

[0007] 

The effect by the 1st technical means of the above is as follows. 
[0008] 

That is, with pliability with a moderate copolymer of the carbonization 
fluorine system vinyl monomer and hydrocarbon system vinyl monomer 
which were used as a main chain, since there are few dimensional 
changes, desiccation and solid polyelectrolyte membrane excellent in the 
endurance in humid conditions are made. Since both the fluorinated part 
and the part which is not fluorinated exist, the copolymer of a 
carbonization fluorine system vinyl monomer and a hydrocarbon system 
vinyl monomer, When a main chain cutting-die radical and an 
intermolecular cross linkage type radical generate simultaneously, 
membranous intensity can be maintained making a radical generate 
moderately, and solid polyelectrolyte membrane excellent in endurance is 
made. Since the copolymer of a carbonization fluorine system vinyl 
monomer and a hydrocarbon system vinyl monomer was furthermore used 
as a main chain, -izing can be carried out [ low cost ] as compared with a 
perfluorocarbon polymer film. 
[0009] 

In order to solve above-mentioned technical problem, said side chain the 
technical means (the 2nd technical means are called hereafter.) provided 
in Claim 2 of this invention, 



[Chemical formula 2] 



ch 2 -ch 

OH 



It is the solid polyelectrolyte membrane according to claim 1 having the 

2nd molecular structure expressed with ********. 

[0010] 

The effect by the 2nd technical means of the above is as follows. 

[0011] 

namely 

[Chemical formula 2] 



CH 2 ~CH 
OH 



Since it is the structure of having ********, water can be held by a 
hydrogen bond and the effect used as the solid polyelectrolyte membrane 
excellent in water retention is done so. moreover 
[Chemical formula 2] 



OH 



** 

[Chemical formula 1 ] 



CH 2 -CH- 



O-f CH2+SO3H 
p 



(p fi i-4©^ftoolt) 



Since it is the structure boiled and changed, an effect of becoming easy to 
manufacture the 1st molecular structure is done so by having the 2nd 
molecular structure. 
[0012] 

In order to solve above-mentioned technical problem, technical means 
(the 3rd technical means are called hereafter.) provided in Claim 3 of this 
invention, It is the solid polyelectrolyte membrane according to claim 2, 
wherein a weight ratio of said side chain to said main chain is larger than 
0.5 and a mole ratio of said 1st molecular structure to the sum total of said 
1st molecular structure and said 2nd molecular structure is larger than 0.2. 
[0013] 

An effect by the 3rd technical means of the above is as follows. 
[0014] 



Namely, solid polyelectrolyte membrane which was excellent in ion 
conductivity since the weight ratio to a main chain of a side chain which 
has hydrogen ion conductivity was larger than 0.5 is made, And since the 
1st molecular structure mole ratio to the sum total of the 1st molecular 
structure and the 2nd molecular structure is larger than 0.2 and solid 
polyelectrolyte membrane excellent in endurance is made, solid 
polyelectrolyte membrane which was excellent in ion conductivity and was 
excellent in endurance is made. 
[0015] 

In order to solve above-mentioned technical problem, a copolymer of said 
carbonization fluorine system vinyl monomer and a hydrocarbon system 
vinyl monomer technical means (the 4th technical means are called 
hereafter.) provided in Claim 4 of this invention, 
[Chemical formula 3] 




R2 



CH 2 -CH- 



m 



(ri : y vmm^tztefcmmi 



1 ~ 3 CDT/U^rsls 



It is the solid polyelectrolyte membrane according to claim 1 which comes 

out and is characterized by a certain thing. 

[0016] 

The effect by the 4th technical means of the above is as follows. 
[0017] 

That is, with a carbonization fluorine system vinyl polymerization object, if 
a radiation graft is performed, generation of a main chain cutting-die 
radical will be remarkable, and graft polymerization will be impossible, but 
the effect whose radiation graft polymerization becomes possible is done 



so by using a copolymer with a hydrocarbon system vinyl monomer. 
[0018] 

[Mode for carrying out the invention] 

Hereafter, this invention is explained in detail. In order to explain simply, it 
explains using an ethylene tetrafluoroethylene copolymer as a copolymer of 
a carbonization fluorine system vinyl monomer and a hydrocarbon system 
vinyl monomer. An ethylene tetrafluoroethylene copolymer is expressed 
with a chemical formula (1). 
[0019] 

[Chemical formula 4] 



When this ethylene tetrafluoroethylene copolymer was irradiated with 
radiation under a vacuum or an inert gas atmosphere, the radical 
generated to a part of ethylene, and it was expressed with the chemical 
formula (2). 
[0020] 

[Chemical formula 5] 



(i) 




fc¥5£ (2) 



CF 2 -CF 2 -j— ^CH-CHzj 



The following explanation expresses said chemical formula (2) with a 

chemical formula (3). 

[0021] 

[Chemical formula 6] 

(3) 



The film which polymerizes vinyl acetate in a chemical formula (3), carries 
out a graft to it, and is expressed with a chemical formula (4) was obtained. 
[0022] 

[Chemical formula 7] 



(4) 



CH 2 CH f-CH 2 — CH- 

I f I 

OCOCH 3 \ OCOCH3 

( q niE(Dmm 



q 



If hydrolysis treatment is carried out to this film, it will become a film 

shown in a chemical formula (5). 

[0023] 

[Chemical formula 8] 

fb^st (5) 




By carrying out alkyl sulfonation treatment to the last, the solid 
polyelectrolyte membrane shown in the chemical formula (6) was obtained. 
[0024] 

[Chemical formula 9] 



ffc^ (6) 



CH 2 CH- 



OH 



ql 



CH 2 — Ctf- 
I 

O 



'q2 



CH 2 



SO3H 



Since this film has a main chain of the copolymer of a carbonization 
fluorine system vinyl monomer and a hydrocarbon system vinyl monomer, 
with moderate pliability, there are few dimensional changes and it can do 
desiccation and solid polyelectrolyte membrane excellent in the endurance 
in humid conditions. Since both the fluorinated part and the part which is 
not fluorinated exist, the copolymer of a carbonization fluorine system vinyl 
monomer and a hydrocarbon system vinyl monomer, When a main chain 
cutting-die radical and an intermolecular cross linkage type radical 
generate simultaneously, membranous intensity can be maintained making 
a radical generate moderately, and solid polyelectrolyte membrane 
excellent in endurance is made. Since the copolymer of a carbonization 
fluorine system vinyl monomer and a hydrocarbon system vinyl monomer 
was furthermore used as a main chain, -izing can be carried out [ low 
cost ] as compared with a perfluorocarbon polymer film. 
[0025] 

In the solid polyelectrolyte membrane shown in the chemical formula (7) 



which formed in the main chain of the copolymer of a carbonization 
fluorine system vinyl monomer and a hydrocarbon system vinyl monomer 
the graft styrene side chain which has a benzene group, and was 
produced. The hydrogen combined with the carbon combined with the 
benzene group was extracted by the active oxygen generated at the time 
of the electrode reaction of a fuel cell, this carbon became radical, the 
autoxidation of the electrolyte membrane arose and there was a 
deteriorating problem. On the other hand, in the solid polyelectrolyte 
membrane of this invention, since a benzene group does not exist, 
autoxidation is not produced. Therefore, the solid polyelectrolyte 
membrane of this invention is excellent in endurance also from this point. 
[0026] 

Hereafter, an embodiment of this invention is described. In the following 
embodiments, a film of an ethylene tetrafluoroethylene copolymer which is 
a copolymer of a carbonization fluorine system vinyl monomer and a 
hydrocarbon system vinyl monomer is used as a raw material of solid 
polyelectrolyte membrane. Thickness of this film is 50 micrometers. This 
ethylene tetrafluoroethylene copolymer serves as a main chain formed with 
a copolymer of a carbonization fluorine system vinyl monomer of solid 
polyelectrolyte membrane and a hydrocarbon system vinyl monomer which 
were manufactured. 
[0027] 



EXAMPLE 



(EXAMPLE) 

After acetone washed the film of the ethylene tetrafluoroethylene 
copolymer, it irradiated with the gamma ray of 20KGy, using 60Co as a 
radiation source. After putting obtained film 10cm 2 into a glass coil, 70 g 
of vinyl acetate monomers were added to the coil, and nitrogen fully 
replaced the inside of a coil (graft processing). 
[0028] 

Then, this coil was immersed in a 70 ** thermostat for 8 hours. After 
methanol washed the film after a reaction 3 times, it was made to dry using 
a dryer, after making the solution of two copies (a weight section and the 



following — the same) of sodium hydroxide, and 98 copies of methanol 
immerse 55 ** of ester exchange reactions of a dry film for 3 hours, 
methanol washed them (hydrolysis treatment). It was checked that ion 
exchange water furthermore washed the film, it was made to dry at 100 ** 
for 3 hours, and the acetyl group had been replaced by the hydroxyl group 
about 100% from the amount of weight changes, and IR (infrared- 
absorption analysis) data. 
[0029] 

After the sulfonic group introduction reaction of the obtained film put the 
film into the glass coil, it put in distilled dimethyl sulfoxide 3x10~ 5 m 3 , and 
fully replaced the inside of a coil with nitrogen. 0.5g of sodium hydride was 
put in it, and it warmed at 60 **, and was made to react for 1 hour. It 
dissolved in dimethyl sulfoxide 10" 5 m 3 which distilled propane Salton 2g to 
reaction mixture, this was dropped over 1 hour, and it was made to react 
at 80 ** after that for 7 hours (alkyl sulfonation treatment). Took out the 
after-reaction film, this was made immersed in the solution of hydrochloric 
acid of 1 N at 50 ** for 8 hours, ion exchange water fully washed, and solid 
polyelectrolyte membrane was obtained. 
[0030] 

Although propane Salton is used as a sulfonating agent here, 2- 
bromoethane sulfone sodium, a 1 ,4-butanesultone, etc. can be used. 
[0031] 

The intensity evaluation of the obtained solid polyelectrolyte membrane 
carries out the water of the solid polyelectrolyte membrane to 90 ** hot 
water enough, Start the solid polyelectrolyte membrane (95 micrometers of 
thickness) which carried out water to 30 mm x 30 mm, and it puts on the 
middle of the fixture of drawing 1 , It put and fixed with the fixture of 
another drawing 1 , this was respectively put in alternately for 1 hour under 
[ of 90 ** ] the dry heat condition and the 95% of 90 ** humidity condition, 
and the number of cycles until it fractures by membranous elasticity was 
measured. 
[0032] 

( Comparative example) 

A comparative example is the solid polyelectrolyte membrane of the 
hydrocarbon system which reformed the ethylene-vinylacetate copolymer 
of conventional technology and introduced the sulfonic group. Manufacture 



of this solid polyelectrolyte membrane was performed by the method 

shown below. 

[0033] 

25 g of ethylene-vinylacetate copolymers (about 40% of vinyl acetate 
content) are dissolved in toluene 10~ 4 m 3 , In this, methanol 5x10~ 5 m 3 and 5 
g of sodium hydroxide were put, it was made to react for 2 hours, 65 ** of 
methanol 5x10~ 4 m 3 was added after that, the ** exception carried out the 
sediment, and polymer was collected. This polymer was enough dried with 
an 85 ** vacuum dryer. It dissolved in tetrahydrofuran 5x10~ 5 m 3 which 
distilled 7 g of polymer dried enough, the sodium hydride 1 .8g and distilled 
dimethyl sulfoxide 5x10" 5 m 3 were put in this, and it warmed at 60 **, and 
was made to react for 2 hours. Reaction mixture was 80 ** dropping and 
after that over 1 hour, and propane Salton 10g dissolved in tetrahydrofuran 
2x10~ 5 m 3 distilled to this reaction mixture was made to react for 8 hours. 
Reaction mixture was put into acetone of 10~ 3 m 3 , the ** exception carried 
out the sediment, and polymer was collected. Ion exchange water often 
washed the collected polymer, and after putting into 1N chloride 10~ 3 m 3 
and being immersed for 12 hours, ion exchange water washed well further. 
Dry polymer was inserted into the aluminum board of 2g picking and 1-mm 
thickness, it pressed for 2 minutes by 130 ** and 4.9MPa, and the film was 
produced. The water of this film was enough carried out to 90 ** hot water, 
and the solid polyelectrolyte membrane of 1 00-micrometer thickness was 
obtained. The intensity evaluation of the obtained solid polyelectrolyte 
membrane did the same examination as an embodiment. 
[0034] 

(Intensity evaluation result) 

As for the solid polyelectrolyte membrane of the embodiment, change was 
not seen although the solid polyelectrolyte membrane of the comparative 
example was fractured from the center of a film after 100 cycle ******. As 
for the membranous fracture, 400 cycle ****** was not seen after that. 
[0035] 
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[Drawing 1 ] The perspective view of a fixture 
[Explanations of letters or numerals] 

1 — Intensity measurement fixture 

2 — Through hole part 
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